SUMMARY Gastric secretion was measured in nine patients with duodenal ulcer before, and after treatment for four weeks with omeprazole 20 mg or 40 mg daily. Basal acidity and acid output were affected variably by 20 mg, but inhibited totally by 40 mg daily. Sham feed stimulated acid output was reduced by 20 mg daily and completely inhibited by 40 mg daily. Maximal pentagastrin stimulated acid output was halved by 20 mg omeprazole daily and 84% inhibited by 40 mg daily. The reduction in acidity was always greater than the reduction of volume. Pepsin output after pentagastrin was little altered but with the reduced secretory volume pepsin concentrations were increased by both doses. The major cause of reduced aspirated acid output after omeprazole is decreased secretion of the primary acid component of the parietal cell by the proton pump H+K+ ATPase. Duodenogastric alkaline reflux is, however, markedly increased after omeprazole and is an additional factor in the resultant hypoacidity or even anacidity after this drug.
Substituted benzimidazoles such as omeprazole probably block the proton pump H+K+ ATPase in the parietal cell,' ' and are among the most powerful and sustained inhibitors of maximal gastric secretion.Y5 There are only limited data on the effects in man of omeprazole on basal interdigestive,3 or sham feed stimulated6 gastric secretion, and few or no data on the effect of omeprazole on volume, acidity, electrolytes and pepsin. We report here such studies in patients with duodenal ulcer who were part of a multicentre open dose finding study of omeprazole given for four weeks.7
Reduction in aspirated acid after treatment with omeprazole has usually been attributed to inhibition of acid production by this drug without consideration of factors of gastric emptying into, and reflux back from, the duodenum. A marker will allow for loss of secretion from stomach to duodenum so that data can be expressed as corrected volume and outputs of acid and pepsin. After acid component has been secreted by the parietal cell it may be partly or wholy neutralised by alkali secreted by the stomach or refluxed from the duodenum which has been estimated by the Hobsley formula from the sodium output in the gastric aspirate on the assumption that primary parietal component contains [5] [6] [7] mmol/l sodium.8 Any changes in intragastric potassium are not relevant to these calculations. Changes in gastric acidity after omeprazole are interpreted in terms of the postulated H+K+ exchange of the proton pump at the luminal surface of the parietal cell. Reduction in gastric acidity has been attributed to back diffusion of acid from lumen through mucosa. This mechanism is both controversial and incalculable. Any such back diffusion through undamaged mucosa will be minimal and will not be considered further here.
Methods

PATIENTS
Nine patients (median age 52 years, range 26-63 years) presenting consecutively with symptomatic and endoscopically demonstrated duodenal ulcers gave informed consent to these studies, which were approved by the local ethical committees. There were eight men and one woman. None had received any treatment for their ulcers in the previous fortnight except with antacids. Four patients were randomly allocated to take a single oral dose of omeprazole 20 mg each morning for four weeks, and the other five took 40 mg in the same way.
Before starting omeprazole, and 24 hours after the last dose, gastric secretion studies were carried out with corrections for gastroduodenal loss by infusing phenol red as a marker, and for duodenal reflux from the sodium output using the Hobsley formulae."0 11
Gastric secretion was aspirated continuously, collected in 10 minute fractions for 30 minutes basal, for 60 minutes after sham feed and for 90 minutes during the intravenous infusion of a maximal dose (6 ,pg/kg/h) of pentagastrin. In the sham feed test the patient chewed and then spat out a toasted ham sandwich during a 10 minute period. Each mouthful was well chewed and then spat out. The mouth was washed out with water to minimise swallowing of food particles. This chew, spit, and rinse was repeated for 10 minutes after which gastric secretion was aspirated continuously for another five 10 minute periods.
The volume of each sample was measured to the nearest 0.5 ml. The pH and titratable acidity were measured by titration with 0.01 M NaOH to pH 7 with an Autoburet titrator. Pepsin was assayed by an Autoanalyzer with haemoglobin as substrate.12 Sodium and potassium concentrations were measured by Autoanalyzer. Bicarbonate concentrations (by Autoanalyzer) and tryptic activity (by pH stat automatic titrator and p-tosyl-L-arginine methyl ester) were determined in anacid samples, and in four patients chloride concentrations (by Autoanalyzer) were measured also.
Acid secretion was expressed in mmol/h by doubling the basal 30 minute output and tripling the 'plateau' output in the highest two consecutive ten minute outputs after the sham feed and during the pentagastrin infusion. Volumes and outputs of acid and pepsin were then corrected for gastroduodenal loss from the phenol red measurements and gastric acid parietal component calculated as Hobsley's VG from the sodium measurements. In one of the four patients who took 20 mg omeprazole daily the total phenol red recovery was unsatisfactory in one test so that his corrected results are omitted.
Differences before and after omeprazole were expressed as the mean percentage change and analysed with the Mann-Whitney U test.
Results
ENDOSCOPY
All but one patient (taking 40 mg daily) had complete healing of the duodenal ulcer at repeat endoscopy after four weeks treatment with omeprazole.
BASAL SECRETION (Fig. 1 ) With 20 mg omeprazole daily there were variable changes in acidity but little change in corrected volume or acid output. Acidity and acid output were totally inhibited in two, almost completely inhibited in one, and markedly increased in the other patient. After 40 mg omeprazole, however, daily basal acidity and thus basal acid output were totally inhibited in every patient; corrected volume was reduced by about one third.
SHAM FEEDING
With 20 mg omeprazole daily there was negligible change in volume, but a two-thirds reduction in acidity and thus acid output. Omeprazole 40 mg daily reduced corrected volume by about one-fifth but acidity, and thus acid output, was almost totally (98%) inhibited.
PENTAGASTRIN STIMULATED SECRETION
After omeprazole 20 mg daily corrected volume was reduced by one-fifth, acidity by two-fifths and thus acid output was halved. With 40 mg omeprazole corrected volume was halved, acidity reduced by two-thirds with corrected acid output reduced by a mean of 84%.
PEPSIN
After omeprazole pepsin concentration and corrected outputs in basal and sham feed secretions were about halved with slightly greater reductions after the larger dose. Corrected pepsin outputs after pentagastrin were little altered by either dose of omeprazole, so that with the reduced secretory volume the mean pepsin concentrations increased by two-thirds after both doses. 
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An alternative approach to the reduction in acid output is by the Hunt'3 comparison with change in chloride output in these patients in whom chloride was measured. These two changes were positively and significantly correlated (Fig. 2) and the regression slope for this relationship was 0.80 mmolH+/ mmol C1-, a value close to the slope anticipated for a change in acid secretion due entirely to a change in parietal cell secretion, 0.85 mmol H+/mmol Cl-, assuming parietal component contains 155 mmol H+/1 and 170 mmol C1-/I Hunt13 further assumed that were acidity to be decreased from an increase in gastric secretion of bicarbonate (which is secreted with chloride) then the fall in acid output would be accompanied by a rise in output of chloride, and a negative slope; this was not found. Hunt) . '3 source of alkali must have been in part from pancreatic secretion because these alkaline gastric aspirates always had measurable tryptic activity. There may have been a small and invisible contribution from bile which may contain bicarbonate in a concentration up to 25 mmol/l. The contributions of duodenal and gastric mucosal bicarbonate are not calculable.
CATION EXCHANGE
After sham feed and pentagastrin the almost total inhibition of acidity was accompanied by marked increases in potassium concentrations in some patients (Fig. 3) . Mean plateau potassium concentrations increased after omeprazole 20 mg/d for four weeks from 8-8 to 11-4 mmol/l (after sham feed) and 11*0 to 18.5 mmol/l (after pentagastrin) and from 11.6 to 15.2 mmol/l (sham feed) (p<0.05) and from 16.0 to 20-4 mmol/l (pentagastrin) after omeprazole 40 mg/d.
Discussion
In these studies omeprazole 20 and 40 mg daily for four weeks produced reductions in observed maximal acid outputs (54 and 84%) comparable with previous series-5 which were little changed when the data were corrected for gastroduodenal loss (47 and 84%). The dose related reductions of phenol red corrected basal acid output (totally inhibited in half the patients after 20 mg, and in every patient after 40 mg daily) are comparable with the complete inhibition of basal acid output after 30 and 60 mg daily previously reported. 3 The dose related mean reductions in corrected acid output after sham feed (63 and 98%) were also greater than those after pentagastrin (47 and 84%), presumably because sham feed is only a submaximal stimulus comparable to another vagal stimulant, insulin. 14 The markedly smaller mean reductions in pentagastrin (53%) and sham feed stimulated (54%) acid outputs found by Konturek et a16 after omeprazole 48 mg were presumably because of their use of a single intragastric dose instead of the chronic dosage for at least five days needed to elicit maximum inhibition. 4 The reductions in titratable acidity were always greater than those in corrected volume, so that aspiration of the stomach after treatment with omeprazole still yields considerable quantities of juice but of low or even zero acidity. These changes cannot be explained with any certainty because there may be more than one effect of the drug. The major cause of the reduced aspirated acid output after omeprazole is a decrease in secretion of the primary parietal component. The positive Hunt regression of chloride and acid reduction ( also suggests a reduction of hydrochloric acid bonate secretion, the most likely source of which is secretion, rather than a simple neutralisation by reflux into the stomach of alkaline duodenal content sodium bicarbonate. The constant of 1.33 mmol/10 rather than from secretion of bicarbonate from min in the regression equation suggests, however, non-parietal cells of the gastric mucosa. This reflux some neutralisation by a chloride containing bicar-has been estimated by the Hobsley formula and shown to be about double the control after 20 mg, and almost treble after 40 mg, omeprazole daily. The Hobsley formula is based on the assumption that the sodium concentration of pure acid parietal component is negligible and that the sodium content of gastric aspirate is almost entirely from duodenal reflux; the Hobsley calculations would clearly be invalid in samples after omeprazole if this intracellular inhibitor of H+K+ ATPase altered sodium fluxes: there are no theoretical pointers or experimental data on this issue. Some of this alkaline juice must be pancreatic in origin because of the tryptic activity detected in alkaline samples of gastric secretion after omeprazole: duodenal mucosa and bile may be additional elements contributing to the bicarbonate in the duodenal juice. The mean percentage reductions of pentagastrin stimulated VG by the Hobsley formula after 20 mg and 40 mg omeprazole of 25 and 56% are markedly less than the 47 and 84 mean percentage reductions of corrected acid output. This discrepancy between reductions of VG and of acid output is remarkably similar to the difference after intravenous cimetidine, 50% vs 70%. 15 The increased reflux seen in our patients after omeprazole and in patients after cimetidine is presumably because of the effects of the drugs. It is conceivable that reflux might be increased by alterations in or near the pylorus after healing of the ulcer. We know of no published data on this point, and the only one of our patients whose duodenal ulcer did not heal after omeprazole showed the same increase in calculated reflux as in those other patients whose ulcers did heal.
The high potassium concentrations occasionally seen in gastric aspirates when pentagastrin stimulated acid was suppressed by omeprazole (Fig. 3) Omeprazole is not known to have any action on the chief cells'9 or indeed on any other cell in the body except the parietal cell. The pepsin concentrations and corrected outputs in basal secretion and after sham feeding were about halved, and the proteolytic effects of these concentrations of pepsin would be minimal at the high pH often found in basal and sham feed stimulated gastric juice after omeprazole seen both in this study and in 24 hour studies including basal, interdigestive, and nocturnal secretion. 20 Corrected pepsin outputs after pentagastrin were little altered by either dose of omeprazole. The corrected secretory volume was, however, reduced (see above) so that with both doses the mean pepsin concentrations were increased by two-thirds. pH values below 3-5 occasionally occur during omeprazole therapy2" so that pepsin could be proteolytic in these circumstances. The biological effect of this increased pepsin concentration taken together with the reduced acidity and acid output is uncertain. 
